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To determine if a familial abnormality in the control of breathing might explain the reasons for the sudden infant death syndrome (SIDS), three groups of parents were studied. The first (N = 8 sets of parents) had one infant die of SIDS (one SIDS), whereas the second (N = 6) had a SIDS victim plus a second child with a "near-miss" occurrence (two SIDS). When compared to the third group (controls), these parents demonstrated no abnormality in the ventilatory response to hypoxia or hypercapnia. Similarly, they had normal respiratory frequency, tidal volume, inspiratory time, and arterial blood gas tensions. We conclude that a familial abnormality in breathing control measured during wakefulness is not the basis for SIDS.
Speculation
Respiration during sleep may be abnormal in SIDS parents even though no alterations in the control of breathing were found during daytime studies.
The Sudden Infant Death Syndrome (SIDS) is the most common cause of infant death between the ages of one month and one year. In some cases, death is preceded by recurrent sleep apnea which is severe enough to cause both cyanosis and bradycardia (near-miss SIDS episode) (7, 19) . Chronic hypoxemia may precede sudden infant death (15) . Alveolar hypoventilation during normal sleep has also been documented in near-miss infants (18) . suggesting a mechanism which may explain the hypoxemia. Furthermore, these infants have decreased ventilatory responses to hypercapnia (18) and increased periodic breathing during hypoxia (I), suggesting that the hypoventilation may be due to an abnormality in the control of breathing.
Abnormalities in the control of breathing measured while awake have been described in other patients who demonstrated both chronic alveolar hypoventilation and sleep apnea. These include patients with idiopathic alveolar hypoventilation (10, 1 l), the obesity hypoventilation syndrome (20, 23) , and those suffering from myotonic dystrophy (2, 3) . Recent studies in twins (4), endurance athletes (17) . and some patients with idiopathic hypoventilation (13) have demonstrated the importance of genetic influences on ventilatory control. Most recently, sleep apnea has been described in patients with chronic obstructive lung disease (5) . Those most frequently affected have hypoventilation and also have been shown to have decreased ventilatory drives. Here also, decreased ventilatory drives during wakefulness has been demonstrated in the genetically related family members of these patients (14) . These findings raised the possibility that a familial abnormality in breathing control may explain the occurrence of SIDS associated with sleep apnea. Accordingly, the present study in SIDS by evaluating the respiratory control during wakefulness in parents of SIDS victims.
METHODS

SUBJECTS
Three groups of parents were studied after giving informed bonsent. The first group (controls) contained 6 sets of parents who had infants born at approximately the same time as those in the other two groups. These parents were similar in age and socioeconomic status to parents in the other groups. Each infant in the control group was monitored for at least 24 hr following delivery and had normal respiratory patterns during sleep (8) . All these infants remain well through the first year of life.
The second group (one-SIDS) coniained 8 sets of parents who had a single infant die of SIDS between one month and one year of life. In each case, no specific cause of death was determined at routine postmortem examination.
The third group (two SIDS) contained 6 families where one infant had died of the syndrome and another had a near-miss episode (sleep apnea associated with cyanosis and bradycardia) which was documented in the hospital.
All parents (subjects) were in good health, and all were considered free of pulmonary disease after completion of a screening questionnaire and spirometry. All were asked to refrain from using any medication on the day of study.
STUDY PROTOCOL
The investigators performing the study had no knowledge of the parent's group. The parents reported to the laboratory in the fasting state and rested for at least 30 min in the supine position. A catheter was placed in a vein of a warmed hand (41°C) for the measurement of arterialized venous pH and carbon dioxide tension (6). Heart rate was monitored by electrocardiogram. Then, while using television as both an audio and visual distraction, the subjects breathed room air through a respiratory valve while resting minute ventilation, respiratory frequency, tidal volume, and inspiratory time were measured with a hot film anometer flow meter (Thermal System, Inc.). The anometer has a 90% rise time of 100 msec and is calibrated against a rotameter flow meter and Tissot apparatus.
The ventilatory response to isocapnic hypoxia was measured in duplicate using a technique which has been previously described (21) . Briefly, the subject breathed through a Rudolph respiratory valve (Collins Co., Inc.) from which gases were continuously sampled by an infrared carbon dioxide analyzer and by a fuel-cell oxygen analyzer (22). Oxygen, carbon dioxide, and flow signals were fed into an online computer (Nova 1200). the data emerging as continuous real-time oscilloscopic plots of end-tidal oxygen tension, end-tidal carbon dioxide tension, and minute ventilation. The end-tidal oxygen plot was used to guide the manual addition of nitrogen to the initial inspired gas (30% oxygen and the remainder nitrogen) to produce a gradual fall in end-tidal oxygen tension PA02 from 230 to 40 mm Hg over a period of 7 to 8 min. Output from the carbon dioxide analyzer was also displayed on an oscilloscope and used to guide the manual addition of 100% carbon dioxide to the inspired gas in amounts sufficient to prevent hypocapnia. End-tidal carbon dioxide tension was controlled within 1 mm Hg with this technique (21) and was maintained at the PAC02 determined during the initial measurements. The plots of ventilation in relation to PA02 are hyperbolic. To compare curves, a simple empiric equation is used relating ventilation to alveolar PO2 as follows:
where VE is minute ventilation in liters/min body temperature and pressure saturated (BTPS), and P A O~ is alveolar oxygen tension in millimeters of mercury; Vo is the asymptote for ventilation obtained by extrapolation, and A determines the shape of the curve such that the higher the value for A, the greater the hypoxic ventilatory response (21) . In practice, values of these measurements utilize the fact that the relation between ventilation and 1 / ( P~0 2 -32) is linear with a slope of A and an intercept of VO. Slope and intercept (A and v~) are evaluated with the leastsquares method. Using this curve-fitting technique, VE can be estimated within 4% (21) .
The hypercapnic ventilatory response was measured with a rebreathing method similar to that described by Read (16) , in which a 5-liter rebreathing circuit was filled with 40% oxygen in nitrogen. Data were collected when inspired PC02 approached 4%. The ventilatory responses were related to alveolar PCOZ by the equation where B is the extrapolated intercept on the abscissa, and S is the slope of the response line. Responses are linear with this method.
The data from each group was pooled, and the analysis of variance was used to determine if significant differences existed between the groups. Table I demonstrates that there was no significant difference in any of the variables in the 3 groups tested. Resting minute ventilation, respiratory frequency, tidal volume, and inspiratory time were all similar. No significant change in pH or in PC02 was found between the groups. Table I and Figure I show that the mean ventilatory response to hypoxia (A) for the control group was 56.7 f 10.9 (S.E.), which was not significantly different from the mean values found in the 2 groups of parents of SIDS victims. When the distribution of individual responses were compared (not shown), no differences were found between the groups.
RESULTS
The mean ventilatory responses to hypercapnia are also shown in Table 1 and Figure 2 , and here also, no differences between the groups were present. The distribution of individual hypercapnic ventilatory responses was also not different between the 3 groups.
DISCUSSION
The present study shows that the parents of victims of sudden infant death have no measurable abnormalities in the chemical drives to breathe as measured by the ventilatory responses to hypoxia and hypercapnia while awake. The normality of their control of breathing was also demonstrated by normal resting minute ventilation, respiratory frequency, tidal volume, and blood gas values. This is true even for families with more than one episode of SIDS. This last group was selected for study because it was thought that if familial influences in the control of breathing were playing a role in SIDS, these influences would be most obvious in the families with more than one affected infant.
We demonstrated familial abnormalities in the ventilatory responses to hypoxia measured during wakefulness in several entities accompanied by alveolar hypoventilation (9, 13, 14) and believe that failure to detect any abnormality in SIDS parents suggests that a familial factor in respiratory control is probably not pivotal I/min/mz B T P S -I Fig. 2 . T h e m e a n ventilatory responses t o hypercapnia a r e shown above. T h e slope o f these responses were similar for the three groups studied.
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in this syndrome. To further substantiate the lack of importance of genetically mediated abnormalities in breathing control in this syndrome, parents of such infants should be studied during sleep because it may be that deficits in ventilatory drive only present during sleep could predispose to apnea and SIDS, and such deficits may not be evident during wakefulness.
